We study a light dark matter in a radiative neutrino model to explain the X-ray line signal at about 3.5 keV recently reported by XMN-Newton X-ray observatory using data of various galaxy clusters and Andromeda galaxy. The signal requires very tiny mixing between the dark matter and an active neutrino; sin 2 2θ ≈ 10 −10 .
I. INTRODUCTION
The energy density of dark matter (DM) occupies about 27 % of the universe. However, its nature is not known yet clearly. Recently two groups independently reported anomalous X-ray line signal at about 3.5 keV from the analysis of XMN-Newton X-ray observatory data of various galaxy clusters and Andromeda galaxy [1, 2] . In this sense, the X-ray line signal at 3.5 keV can be explained by a 7 keV dark matter mixing with the active neutrino by angle given by sin 2 2θ ≈ 10 −10 . This could provide a lot of implications on the nature of DM. Already several works have appeared in various models [3] [4] [5] [6] [7] [8] [9] [10] [11] . Due to its too small mixing, the DM cannot contribute to the neutrino masses directly.
In this letter, we propose a Dirac type neutrino scenario at one-loop level, introducing continuous U(1) ′ symmetry [12] [13] [14] . On the other hand the mixing between active neutrino and dark matter are generated at two-loop level. As a result, such a tiny mixing can be naturally explained within TeV scale.
This paper is organized as follows. In Sec. II, we show our model for neutrino sector and DM sector, and analyze these properties. In Sec. III, we summarize and conclude. 
The continuous U(1) ′ symmetry is imposed so as to restrict their interaction adequately.
Here notice that Σ + Σ ′ = 0 to forbid the mass term of N R X that provides too large enhancement of the mixing between active neutrinos and X.
Moreover, we impose to generate mass term of X through VEV of Σ ′ for our convenience.
From this Σ = 5Σ ′ /3 is derived.
The renormalizable Lagrangian for Yukawa sector and relevant scalar potential under these assignments are given by
where the first term of L Y can generates the charged-lepton masses, and all the couplings are assumed to be real. Moreover there is a mixing between η and χ 1 , but χ 2 and χ 3 are mass eigenstate from the beginning. The χ 2 has a mass splitting between real part and imaginary part as follows: m χ 2 R = m 2
that plays an crucial role in generating non
vanishing neutrino mass as well as mixing active neutrino and DM as discussed later.
After the scalar fields get vev's, (II.2) suggests there is a remnant Z 2 symmetry. The odd particles under this discrete symmetry is L L , e R , N R , X, η, χ 1 , χ 2 . The lightest Z 2 -odd particle is the lightest neutrino and X can decay into it without breaking Z 2 symmetry.
B. Neutrino mass matrix
The Dirac neutrino mass matrix at one-loop level as depicted in the left hand side of Fig. 1 is given by [15] (
where I(x, y) = −x ln x + y ln y + xy ln
Here H i and A i represents real part and imaginary part of mass eigenstates. We show a benchmark point to satisty the data of neutrino masses reported by Planck data [16] ; m ν < 0.933 eV, as follows:
(II.5)
Then we can obtain the neutrino mass as The mixing mass term between X and ν are obtained at two-loop level as depicted in the left hand side of Fig. 1 , and its form is given by
where we assume θ RI ≪ 1, and the loop function F is computed by The mixing between active neutrino and DM is given as
where m X = λv Σ ′ / √ 2(≈7.5 keV) is the mass of DM, and 5 × 10 −6 is an expected mixing angle from the X-ray experiment [1, 2] . In Fig. 2 we show the mixing θ as a function of the imaginary mass of χ 2 , m χ 2I . The figure shows that we can get the required mixing angle
GeV, m χ 3 =200 GeV, µ 2 =1 TeV, and v Σ ′ =10 keV for the figure.
III. SUMMARY AND CONLUSION
We have shown that a light DM in a radiative model can explain the X-ray line signal from the XMN-Newton X-ray observatory data of various galaxy clusters and Andromeda The relic density of DM can be thermally obtained through an additional gauged boson, if our U(1) ′ is localized [17] [18] [19] , or it can be also obtained non-thermally [20] .
